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Abstract 
As part of the Iberian DEPM survey for sardine (Sardina pilchardus), two  surveys are carried out every 
three years by Portugal (IPMA; PT-DEMP-PIL) and Spain (IEO; SAREVA). The total spawning biomass from 
the two DEPM surveys is used in the assessment such as fishery independent index for the sardine stock 
pil.27.8c9a (ICES divisions 8.c and 9.a -Cantabrian Sea and Atlantic Iberian waters). In 2020 both surveys 
were planned and coordinated under the framework of the ICES WGACEGG. The Portuguese survey was 
successfully conducted, however, the Spanish survey; SAREVA0320, was cancelled due to the COVID-19 
health crisis and the subsequent ‘state of alarm’ lockdown in Spain.  
This working document provides a description of methods explored to compensate the lack of data in 
ICES areas 9aN and 8c caused by the cancelation of sardine DEPM survey “SAREVA 0320”.  After 
checking that sardine egg data obtained from the anchovy DEPM survey, delivered in a partial area of 
division 8c during May by AZTI Tecnalia (BIOMAN), were not adequate for extrapolating to the SAREVA 
surveyed area, alternative analysis were presented based on i) sardine eggs historic data from the CUFES 
sampler used in the acoustic Spanish surveys PELACUS and ii) spawning stock biomass data from the 
Portuguese survey PT-DEPM-PIL and the Spanish survey SAREVA. A methodological approach similar to 
those adopted in the last sardine assessment (ICES, 2020) to face the problem of the acoustic lack of 
data in 2020 in subdivisions 9aN and division 8c, is described, reasoned and suggested as a solution to 
face the lack of Spanish data for sardine stock assessment in 2020. 
Introduction 
The daily egg production method (DEPM; Lasker, 1985) estimates spawning stock biomass (SSB) and 
together with the acoustic estimates (Simmonds and MacLennan, 2005), are currently used as fishery 
independent indices for assessing SSB of sardine (Sardina pilchardus) in ICES divisions 8.c and 9.a 
(Cantabrian Sea and Atlantic Iberian waters). In this area the DEPM was first applied to sardine in 1988 
(Miranda et al., 1990; Cunha et al., 1992; García et al., 1992) and regularly since the late 90s. The sardine 
DEPM surveys have been carried out triennially since 1999 in a collaborative work between Portugal 
(Instituto Portugués do Mar e da Atmosfera, IPMA) and Spain (Instituto Español de Oceanografía, IEO) 
what led to increased coordination and standardisation of the surveys and analytical methodologies (cf. 
ICES, 2004, 2005, 2006, 2017, Massé et al. 2018).  
The Portuguese survey (PT-DEPM-PIL) covers (Figure 1) from the Atlantic waters of the Strait of Gibraltar 
to the northern border of Portugal in the Minho river (ICES division 9a), while the Spanish survey 
(SAREVA) covers the northern area of the stock from the Minho river to the south of the Armorican shelf 
in French waters (ICES subdivision 9a North and division 8c). The DEPM surveys consisted of 
ichthyoplankton, adults and hydrographic sampling and are internationally coordinated and planned 
under the framework of ICES WGACEGG
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Material and Methods 
Two sets of data were analyzed to provide the sardine SSB in subdivision 9aN and division 8c for 2020. 
- The data of sardine eggs recorded during the Spanish acoustic PELACUS survey sampled with 
CUFES (Continuous Underway Fish Egg Sampler, Checkley et al., 1997) between 2013 and 2019, 
in order to study the inter-annual egg sardine distribution variability along the subdivision 9aN 
and division 8c.  
 
- The SSB series estimated from the PT-DEMP-PIL and SAREVA DEPM surveys in order to study 
the contribution of each stratum to the total SSB index, their correlation and the regression 
model to scale up the SSB estimated from the Portuguese survey to the total SSB.  
Analysis of sardine eggs from CUFES in PELACUS (2013-2019) 
 
The centre of gravity of eggs sampled with CUFES during the acoustic PELACUS survey from 2013 to 
2019 was estimated in order to study the interannual sardine egg distribution variability along the 
surveyed area. The PELACUS acoustic survey time-series takes place annually in spring (March–April), in 
the northern area, covering the same geographical range than SAREVA survey. The survey design for 
CUFES sampler, consisted in a grid with systematic parallel transects, separated by 8 nautical miles, 
perpendicular to the coastline, covering the continental shelf, and samples were collected every three 
nautical miles while acoustically prospecting. 
 
For each year, the centre of gravity has been calculated as a weighted average depending on the 
location of each sample (density of eggs on the surface as weight factor) according to Woillez et al. 
(2007). Due to the particular topography of the northern Spanish coast, instead of latitude and 
longitude, depth has been used as well as a distance variable to determine eggs location.  
 
The sardine egg density was grouped in two strata, the eastern (8cEwE, 8ceE, 8b) and western (9aN, 
8cW, 8cEwW) strata with a cut-off point around the Cape Peñas and the relative egg density 
contribution in each of the strata was estimated. The Cape Peñas corresponds to the westernmost limit 
sampled by BIOMAN survey (AZTI DEPM survey for anchovy). 
 
Analysis of sardine DEPM SSB series (PT-DEPM-PIL and SAREVA) used for sardine assessment in divisions 
8.c and 9.a (Cantabrian Sea and Atlantic Iberian waters- Stock pil.27.8c9a) 
 
The annual relative contribution of the PT-DEPM-PIL and the SAREVA surveys to the total SSB estimates 
was analysed. The correlation between SSB estimates for each strata, each survey and even between 
acoustic and DEPM methods,   was also checked.  Linear regression model with and without intercept 
were applied to those SSB series, when significant correlation was obtained. Finally the model with the 
lower AIC was selected in order to scale the SSB estimated by Portugal in 2020 up to the total of 
divisions 9.a and 8.c. 
 
Results 
Sardine eggs from CUFES in PELACUS acoustic survey (2013-2019) 
 
The centres of gravity of the sardine eggs abundance (Figure 2) are located in Atlantic waters (9aN and 
8cW) regardless of their total quantity, with 40 to 90% of the eggs located in the 9aN and 8cW. An 
exception was the year 2015 that can be considered an anomaly as 60% of the eggs were located in the 
most distal part of the Bay of Biscay this year, although the contribution of the subdivision 9aN was not 
very significant (barely 15%). Likely this anomaly was because this year the platform was not covered by 
the survey. In 2016, the sampling intensity was reducing by half and the eastern part of the sampling 
area (8b and 8.c.E.e) was not covered. 
 
 
Figure 2: Centre of gravity of sardine egg density (* in 2015 the 9aN platform was not covered; ** in 
2016 in addition to reducing the sampling intensity by half, the eastern part of the sampling area – 8.b 
and 8.c.E.e - was not covered). 
 
According to the temporal variation of egg distribution in the PELACUS surveyed area (excepting 2015 
anomaly), the western stratum contribution to the total egg abundance was 40-45% in 2013 and 2016; 
since then, its contribution increased until almost 90% in 2018, decreasing to 65% in 2019 (Figure 3). 
 
 
Figure 3. Relative values of sardine annual eggs density estimated by stratum (western: 9aN, 8cW, 
8cEwW, eastern: 8cEwE, 8ceE, 8b) from the CUFES sampler in PELACUS acoustic survey. In 2015 the 9aN 
platform was not covered,  in 2016 in addition to reducing the sampling intensity by half, the distal part 
of the sampling area (8.b and 8.c.E.e) was not covered. 
 
 
Sardine DEPM SSB series (PT-DEPM-PIL and SAREVA) used for assessment in divisions 8.c and 9.a 
(Cantabrian Sea and Atlantic Iberian waters- Stock pil.27.8c9a) 
 
The contribution of the Portuguese area (9.a.S and 9.a.W) to the total SSB used for Iberian sardine stock 
assessment has been higher than the contribution of the Spanish area along the serie.  Comparing SSB 
indices estimated in both surveys along the time series it is observed that SSB from the PT-DEPM-PIL 
survey represents in mean the 78 % of the total SSB (Figure 4b), while the contribution of the division 
9.a.W to the total SSB is 36 % on average (Figure 4a).  
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The first approach was focused on the utility of BIOMAN survey sardine eggs data to estimate a proxy of 
sardine SSB in the division 8.c. for 2020. BIOMAN survey is delivered in May, mainly focused on divisions 
8.abd, although it also covers partially the subdivision 8.c., more specifically the central and eastern part 
of the division (ICES, 2020b). After analyzing distribution of sardine eggs along the Cantabrian Sea by 
using data from the CUFES sampler in the PELACUS surveys serie, our results locate consistently the 
centre of gravity of egg distribution in the subdivision 8.c.W, out of the focus of BIOMAN survey. 
Moreover, the spawning area and total egg production estimated by SAREVA and BIOMAN surveys in 
the overlapping area of the division 8.c. cover by both surveys between 2008 and 2017 did not show 
good correlations (results not presented in this WD). Additionally, the BIOMAN survey takes place in 
May, out of the peak of sardine spawning season in the area that happens between March and April 
(Bernal et al., 2007, Coombs et al., 2006, Stratoudakis et al., 2007), and reproductive data of adult 
females are not collected during it, preventing us to estimate the corresponding reproductive 
parameters (maturity, fecundity and spawning fraction) required by the Daily Egg Production Method to 
calculate SSB. Although adult parameters from the Portuguese survey (PT-DEPM20-PIL) delivered in 
February in the 9.a.division are available, seasonal and spatial variability of fecundity and spawning 
fraction do not allow combining this data to the eggs collected in May by BIOMAN to estimate SSB in the 
8.c. 
 
Taking into account all these issues, sardine egg data collected by the BIOMAN survey are not 
considered as part of the solution to the lack of Spanish data in 2020.  
 
However, the methodology adopted in the last Iberian sardine assessment (ICES, 2020) to face the 
problem of the lack of acoustic data in 2020 in subdivisions 9aN and division 8c, scaling the population in 
numbers of the Portuguese index up to the total Iberian sardine abundances, has been adapted to the 
SSB DEPM series, tested and resulted statistically significant. The Portuguese survey represents the 
majority of the SSB in the Cantabrian Sea and Atlantic Iberian waters (mean = 78%) and there is a 
significant correlation between sardine SSB from the Portuguese survey and the total Iberian SSB 
(r2=0.97), concluding that the Portuguese index could be raised by a linear regression model to 
accommodate the lack of the SAREVA estimations in 2020.  
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